ABSTRACT. Although most cases of childhood lead poisoning are caused by contaminated paint and dust in older homes, a variety of unusual sources of lead exposure are occasionally found. We report here 2 families whose children were poisoned by lead-contaminated spices that were purchased in foreign countries, brought to the United States, and then used in the preparation of the family's food. Six children (2-17 years old) in a family from the Republic of Georgia were poisoned by swanuri marili (lead content: 100 and 2040 mg/kg in separately sampled products) and kharchos suneli (zafron) lead content: 23 100 mg/kg) purchased from a street vendor in Tbilisi, Georgia. The second family had purchased a mixture of spices called kozhambu (lead content: 310 mg/kg) while traveling in India. Both the parents and their 2-year-old child subsequently suffered lead poisoning. The young children in both families required shortterm chelation to bring their blood lead levels down to a safer range. Clinicians should be vigilant for all sources of lead contamination, including spices, when whole families are found to have elevated blood lead levels despite a confirmed lead-safe home environment. Families traveling abroad should be aware of the potential health risks associated with the purchase and use of spices that have not been tested for purity. Pediatrics 2005;116:e314-e318. URL: www.pediatrics.org/cgi
M ost cases of childhood lead poisoning in the United States are related to the ingestion of lead-contaminated house dust in the course of hand-mouth activities and oral behaviors. Peeling paint and deteriorating plaster in older homes are also common sources of lead hazard in young children with pica. However, other unexpected sources of lead in the home account for occasional cases of childhood lead poisoning.
We describe here 2 separate circumstances sharing a common point source of lead hazard: a family with 5 children whose childhood lead poisoning was related to a family's use of spices brought with them from an Eastern European country (the Republic of Georgia) and a case of lead poisoning in an Indian boy and both his parents related to a mixture of spices bought in India. In both families, the younger children who had been poisoned required chelation therapy to lower their bodies' burden of lead.
FAMILY 1
A family from the Republic of Georgia was referred to the Pediatric Environmental Health Center (PEHC) at Children's Hospital Boston (Boston, MA) after elevated venous blood lead levels (BLLs) were discovered during routine screening procedures at a well-child examination by their local pediatrician. The children were otherwise in good health. There was no history of pica behaviors or developmental delays.
The family had immigrated to the United States in 2003; they were living in a rented single-family house. The house was built in the 1960s and had no chipping paint or plaster according to parental report. An inspection was performed after the first elevations in BLLs were discovered among the children in February 2004 at a routine child care visit. One small area of lead contamination in front of a fireplace in the living room was discovered during the inspection; however, the parents were skeptical that this was a source of exposure, because the children spent little time in the room. There were no known occupational sources or hobbies, and the family did not live near a smelter or other industrial source of lead contamination. They did not use imported cookware or pottery for food preparation.
The 2 children who had well-child visits in February 2004 had elevated BLLs initially and at follow-up (22-37 g/dL [level of concern: 10 g/dL]). The other 4 children in the family were tested in May 2004 and found also to have elevated BLLs ranging from 21 to 29 g/dL. Blood zinc-chelated protoporphyrin (ZPP) levels were also elevated (see Table 1 for details). During the initial intake examination in the PEHC, the 2 younger children had both abdominal and long-bone radiographs, both of which were negative for evidence of recent lead ingestion or changes in the long bones associated with lead-related injury. Other laboratory measurements of the blood of the 2 children appeared normal, including hemoglobin (range: 12.7-13.4 g/dL), hematocrit (range: 35.7-39.5%), and red blood cell indices (mean cell volume range: 79 -83.1 fL). Iron studies were normal, and there was no basophilic stippling on a peripheral blood smear.
Spices, including swanuri marili and kharchos suneli, were bought by the mother from a street vendor in Tbilisi, the capital of the Republic of Georgia before the family's emigration to America in 2003. These spices were liberally used by the family in many dishes at almost every meal. The spices were tested along with other household items and were found to be contaminated with No other credible environmental sources were found to be contaminated despite a diligent search of the household. The younger children (2 and 4 years old) were chelated with dimercaptosuccinic acid for a single 4-week course of therapy. The dramatic decline in the children's BLLs over the weeks after chelation (Table 1 ) and the discontinuation of use of the spices suggested that the spices were the sole toxic agents responsible for the elevation in the children's BLLs.
FAMILY 2
A 2-year-old Indian boy was referred to the PEHC because a blood lead test performed at the local pediatrician's office showed an elevated level of 31 g/dL. A repeat BLL 10 days later showed 34 g/dL, with a near-normal ZPP (73 mol/mol [laboratory range of normal values: up to 25-65 mol/mol]). His hemoglobin was 13 g/dL, hematocrit was 36.5%, and the mean red blood cell corpuscular volume was 76 fL. He had no apparent health problems and had met all of his developmental milestones. The apartment complex in which the family resides had been built in the 1970s. Inspection of the family's apartment by officials from the state Comprehensive Lead Poisoning Prevention Program revealed no areas of contamination and no lead violations in either the residence or the common area. The patient was chelated with both d-penicillamine and dimercaptosuccinic acid over the ensuing 3-month period, which lowered his steady-state BLL to 12 g/dL, with a ZPP of 49 mol/mol. Subsequent follow-up over 12 months did not reveal any evidence of developmental or speech delays or behavioral problems.
The family indicated that they had been using a mixture of spices, termed kozhambu, which they had obtained during a trip to India earlier the previous year. Kozhambu is a combination of turmeric, coriander seeds, chilis, and lentils ground together and sold as a mix; it is then added to casseroles and other Indian foods. Typically large quantities of kozhambu were used in the family meal preparation several times per week. They had just begun using this batch within the month before the initial well-child care clinic visit. Testing of the kozhambu by radiograph fluorescence revealed an elevated lead concentration of 310 mg/kg (see Table  2 ). No other metals were detected. Other household spices tested were negative for heavy metals. The mother and father subsequently were both tested and had elevated BLLs (22 and 17 g/dL, respectively). They were not treated by their physician but were subsequently monitored to ensure declining lead levels.
METHODS

Blood Lead Level
Lead in whole blood is measured by atomic absorption (atomic absorption spectrophotometer model A analyst 600 and model A analyst 800 equipped with graphite furnace, Zeeman background correction system, and lead hollow cathode lamp; Perkin Elmer, Norwalk, CT). Ten microliters from a blood-specimen mixture (30 L of blood ϩ 60 L of matrix modifier) is heated in an electronically heated graphite furnace to 2700°C. When emission spectra from a lead hollow cathode lamp pass through the tube, the atomized lead absorbs the energy of the emission spectra. A magnetic field applied horizontally eliminates nonspecific absorption. Standards of 0.5, 25, and 55 g/dL are prepared from human blood spiked with aqueous lead standard solution of 1000 g/mL, purchased from Perkin Elmer. Prepared standards are verified by standard reference material (National Institute of Standards and Technology, Gaithersburg, MD). The lead-method precision for the quality-control levels at 7.8, 30.5, and 54.3 g/dL was 7.2%, 3.8%, and 4. BLLs 
Radiograph Fluorescence
Lead measurements were performed on samples of spices at the regional Environmental Protection Agency laboratory in Chelmsford, Massachusetts, by using a Spectro X-Lab 2000 XRF instrument and the turboquant method. 1 Standard reference materials 2709 and 2711 used for quality control indicated 87% and 95% recovery, respectively, with a reporting limit of 5 mg/kg (5 ppm).
DISCUSSION
These cases demonstrate that the ingestion of spices contaminated with lead can result in clinically significant childhood lead poisoning. The cases were discovered through the policy of universal screening of BLLs in young children in Massachusetts; such case findings are a benefit of this program.
Spices comprise the leaves, seeds, flowers, and/or other plant parts of herbs containing pungent oils and other chemicals, which give the spice its characteristic taste and aroma. Many spices used in foods are purchased after grinding has produced a powdered product, and mixtures of individual spices are commonly used to enhance the flavoring of casseroles, sauces, and other prepared foods. All of the implicated spices reported here were purchased by the families during vacations in the Republic of Georgia or India and brought home with them on their return to the United States. Table 2 suggests that both swanuli marili (2040 mg/kg in sample 1; 100 mg/kg in sample 2) and kharchos suneli (zafron) (23 100 mg/kg) were the offending spices in case 1 and kozhambu (310 mg/kg) was the offending spice in case 2. By comparison, the Food and Drug Administration has set threshold limits for the amount of lead in foodstuffs that include, for example, no more than 2.0 mg/kg lead in salt, 2 no more than 1.0 mg/kg in aspartame, 3 and no more than 5.0 mg/kg lead in spice oleoresins. 4 Contamination of foodstuffs with lead in the course of their processing in preparation for sale in the marketplace has been well documented in previously published literature. Corn flour was inadvertently contaminated with lead at a concentration of 38 700 mg/kg during the grinding of corn after the repair of slits in the grindstones using lead filler, which resulted in lead poisoning of all 6 members of a single Greek family, whose BLLs ranged from 31 to 64 g/dL. 5 Other clusters of lead poisoning involving both children and adults have occurred in the Middle East and Turkey by contamination of wheat flour during the use of molten lead to fill fissures in worn drive shafts of the millstones. [6] [7] [8] Contamination of herbs used in traditional ethnic and Ayurvedic remedies by heavy metals has also been well documented previously, although the circumstances under which the herbs become contaminated with lead may not always be apparent. Herbs and spices can presumably acquire the metal during growth in lead-contaminated soils or in the course of milling or other processing procedures. Use of pesticides contaminated with heavy metals during the growing of herbs and spices may also be a source of lead contamination in the final product. 9 However, some Indian herbal (Ayurveda) remedies, folk medicines, and homeopathic remedies are purposefully adulterated with metals in the mistaken belief that they confer a health benefit to the user. There are several previous reports of clinically significant lead poisoning during the use of such remedies by adults. [10] [11] [12] Other metals besides lead, such as mercury, arsenic, and gold, have also been found to contaminate East Indian herbal remedies. 13, 14 Contaminated folk medicines from Asia and Mexico have also been associated with significant lead poisoning and death involving children as well as adults. [15] [16] [17] [18] [19] A recent market-basket sampling of South Asian Ayurvedic herbs sold in the Boston area revealed 20% to be contaminated with such metals as lead, mercury, and arsenic. 20 Children are particularly vulnerable to the development of lead poisoning after chronic dosing with small amounts of such ethnic remedies, because they receive a higher dose of contaminant per unit of body weight than do adults. In 1 report, Ayurvedic capsules contained as much as 72 990 g of lead per g of product as an adulterant and were implicated as the sources of lead poisoning among 5 adults and 2 children. 21 A 2-month-old boy developed lead encephalopathy resulting from a lead-containing herbal powder that was routinely applied to his buccal mucosa. 22 There is also a report of severe neonatal lead poisoning acquired by the maternal use of ethnic remedies during pregnancy. 23 Our report of lead poisoning in these 2 families differs from previous reports of herbal contamination, because these products were not sold as medicinal or health-enhancing products but for use as flavorings in foods. Other spices have occasionally been reported in the past to be contaminated with lead, resulting in the poisoning of adults. A 33-year-old German man suffered clinically significant lead poisoning that required chelation with intravenous NaCaEDTA after using paprika that had been purchased in Yugoslavia and was adulterated with minium ("red lead") containing lead tetroxide; it had a measured lead concentration of 142.2 mg/kg. 24 In 1994, Hungarian health officials reported that the intentional adulteration of paprika with minium had resulted in widespread poisoning of Ͼ141 adults, many of whom were symptomatic and required chelation therapy. 25 We do not know the point at which the spices cited here were contaminated. It seems unlikely that contamination during the plant's growth by lead-containing soil or pesticides could result in such high final concentrations. Because the spices are mixtures that are typically obtained by grinding individual ingredients together, it is possible that lead filler in the millstones or other types of grinding machinery used locally could have been the source. An alternative explanation could be the intentional addition of small amounts of lead to increase the value of a commercial product that is sold by weight.
Children in both of these families required chelation therapy. Short-term follow-up revealed no evi-dence of neurologic or developmental injury. The children did not suffer comorbidities such as iron deficiency. However, the long-term effects of even relatively short-duration exposures to lead in young children are unclear. Recent studies have demonstrated adverse effects on development and cognition in young children even at BLLs of Ͻ10 g/dL. 26 Close periodic monitoring of children who have had documented BLLs of Ͼ10 g/dL is advisable. 27 Previous studies have documented the potential for damage of frontal lobes and other brain structures associated with childhood lead poisoning, with attendant decrements in cognitive and behavioral functioning that may not become apparent until later in childhood or adolescence. [28] [29] [30] Such adverse neurodevelopmental, cognitive, and behavioral effects may persist well into adulthood. 31 
CONCLUSIONS
There are some important implications from these case reports regarding the prevention of lead poisoning. Although it does not seem probable that contaminated spices are commercially imported to the United States, this report supports the need for vigilance and continued routine testing by governmental agencies to ensure the interdiction of contaminated spices. Travelers to other countries should be warned that local spices purchased from merchants at open-air markets or from street vendors may not have been inspected by governmental officials or tested for purity.
It is incumbent on pediatric health care providers to perform a diligent search for unconventional sources of environmental lead when confronted with cases of childhood lead poisoning without an apparent etiology. This warning for vigilance concerning unsuspected lead sources is also expressed by other authors. 32 The lead poisoning in the first family described in this report included older children and adolescents as well as preschoolers, suggesting a common source exposure that was not associated with the hand-mouth behaviors and pica usually implicated in the lead poisoning of young children. Clinicians confronted with such a cluster of lead poisoning should inquire about the family's history of recent travel and whether during their visit they had purchased any spices that were used subsequently in cooking. It is hoped that the reporting of these cases will serve to alert others and avert such sources of preventable childhood lead poisoning in the future.
